INTRODUCTION
In the United States 1 , engineering education as an area of interest for curriculum development and pedagogical innovation emerged about 1890 to 1910 and its transition to a more scholarly field of scientific inquiry occurred nearly 100 years later (Continental, 2006; Lohmann, 2005) . Learning to become an engineer, historically and today, fundamentally occurs at the baccalaureate level; thus, the literature in engineering education focuses predominantly on undergraduate education. It is only within the last decade or so that the engineering and engineering education communities have taken more interest in precollege education. This history is important because much of the scholarly literature in education and the learning 1 We will use the chronology of events in the United States as the principal framework to describe the evolution of engineering education as a field of scientific inquiry with references to similar events internationally as appropriate.
Engineering Education as a Field of Scientific Inquiry J.R. Lohmann & J.E. Froyd 2 sciences focuses on precollege education, an area of less interest to most engineering faculty.
Further, few engineering educators receive adequate preparation for their instructional duties during their doctoral training or later as faculty. Thus, the field of engineering education research developed largely around research traditions with which engineering faculty members were familiar. As a result, for most engineering faculty, lack of familiarity with the education and learning sciences literature, reliance on familiar research methodologies which were often ill-suited for educational studies, and complacence with accepting student satisfaction surveys for indicators of efficacy of course changes, generated -a rich tradition of educational innovation, but until the 1980s assessment of innovation was typically of the ‗We tried it and liked it and so did the students' variety‖ (Wankat, Felder, Smith, & Oreovicz, 2002) . Catalysts, including major NSF funding for educational research and development beginning in the late 1980s and emergence of the outcomes-based ABET Engineering Criteria led to significant publications in engineering education research in the 1990s. In the last twenty years, engineering education research has begun to emerge as an interdisciplinary research field seeking its own theoretical foundations from a rich array of research traditions in the cognitive sciences, learning sciences, education, and educational research in physics, chemistry, and other scientific disciplines.
The remainder of the paper is divided into three parts. First, we provide a brief chronology of the development of engineering education as a field of study. We then describe the ontological transformation of the field into engineering education research using Fensham's (2004) criteria for defining the field of science education research. The third part briefly discusses projects the near future of the field. (1994) . It outlined a more research-oriented and science-based curriculum that still exists today in the vast majority of U.S. engineering programs.
THE CHRONOLOGICAL EVOLUTION OF U.S. ENGINEERING EDUCATION AS A FIELD OF SCIENTIFIC INQUIRY
In 1986, the National Science Board (NSB) issued a much needed wake-up call about the state of U.S. engineering, mathematics, and science education (National Science Board, 1986) .
Its report provided a number of recommendations and made clear that one among them played a critical role: -The recommendations of this report make renewed demands on the academic community-especially that its best scholarship be applied to the manifold activities needed to strengthen undergraduate science, engineering, and mathematics education in the United States‖ (National Science Board, 1986, p. 1, emphasis added). It was instrumental in reviving the NSF's role to -initiate and support science and engineering education programs at all levels and in all the various fields of science and engineering‖ (National Science Foundation, 2010). The report was also among those that sparked a vigorous national dialogue on the role of scholarship in improving the quality of U.S. higher education. For example, the highly influential 1990 report, -Scholarship Reconsidered: Priorities of the Professoriate,‖ by Ernest Boyer of the Carnegie Foundation, offered a new taxonomy and terminology to describe academia's multifaceted forms of scholarship (Boyer, 1990) . In engineering, the introduction of EC2000 by ABET in the 1990s
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was a major driver to improve the quality of engineering education (ABET, 1995) . Its outcomesfocused, evidenced-based cycle of observation, evaluation, and improvement characterized many aspects of a scholarly approach to educational innovation.
The dialogue and decisions made in the 1990s paved the way for engineering education to become a field of scientific inquiry as it became increasingly clear that the intuition-based approaches of the past were not producing the quantity and quality of engineering talent needed to address society's challenges (Continental, 2006; National Academy of Engineering, 2004; National Research Council, 2005; National Science Foundation, 1992) and that more scholarly and systematic approaches based on the learning sciences were needed (Gabriele, 2005; Haghighi, 2005; National Research Council, 1999 , 2002 . Consequently, embryonic and globally diverse communities began to emerge and collaborate such that by the mid-2000s engineering education as a scientific field of inquiry (research) had passed the -tipping point‖ both within the United States and elsewhere (Borrego & Bernhard, 2011; Jesiek, Borrego, & Beddoes, 2010) . Integrating and expanding these communities was a major point of discussion in a recent NSF-funded ASEE study, Creating a Culture for Scholarly and Systematic Innovation in Engineering Education (American Society for Engineering Education, 2009).
In the next section, we describe the current state of engineering education research, much of it having been created within the last decade or so.
AN ONTOLOGICAL DESCRIPTION OF THE STATE OF ENGINEERING EDUCATION RESEARCH
Peter Fensham (2004) recently published a framework with which to judge the evolution and maturity of science education research. It involves three categories of criteria: structural, 6 research, and outcome, as summarized in Table 1 . We believe this framework is appropriate for organizing and critiquing the evolution and maturity of engineering education research. (Borrego & Bernhard, 2011; European and Global Engineering Education Network, 2010) . Although the global community has not reached consensus on a taxonomy, it clearly feels a pressing need for such and is working to develop it (Borrego & Bernhard, 2011) .
2) Conceptual and Theoretical Development and Research Methodologies:
These two areas form the intellectual core of any disciplinary-based educational research field. Currently, conceptual and theoretical frameworks and research methodologies in engineering education research show considerable similarity to those of educational research in general; a condition that reveals its lack of maturity. Like other educational research fields, one foundation is research in the learning sciences, with its vast literature base and different theoretical frameworks (Greeno, Collins, & Resnick, 1996) . At present, theoretical frameworks for research in engineering education do not distinguish themselves itself from frameworks for educational research in general, which tends to emphasize individuals learning. Research in the cognitive sciences, e.g., brain physiology, might contribute to a theoretical framework; however, constructing bridges from functions of individual or small groups of neurons to complex engineering concepts and processes would be a formidable task. Also, since engineering faculty members teach collections or organizations of individuals, a potential contributor to future theoretical frameworks may be organizational change (Weick & Quinn, 1999 Felder, Felder, & Dietz, 1998) in the 1990s. These papers laid foundations for (i) further understanding of how students learn the engineering design process and how verbal protocol analysis methodologies can support the research (Atman & Bursic, 1998; Atman et al., 1999) ;
(ii) rigorous assessment and adoption of cooperative learning (and later, other innovations) in engineering (Felder et al., 1998; Haller, Gallagher, Weldon, & Felder, 2000) ; and (iii) the importance of and instruments for understanding engineering student attitudes and the roles they play in retention and learning. In the first decade of the new millennium, significant publications in engineering education research have become too numerous to mention in this short review.
Outcome Criteria (Implications for Practice)
A major initiative is underway in engineering education community to persuade members of the synergistic and complementary roles played by innovation and research, beginning with the ASEE Year of Dialogue in 2006. A high point in this initiative is publication of the ASEE report
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(American Society for Engineering Education, 2009). However, the fact that such an initiative was required is indicative of a culture in which most engineering education practitioners are content to continue to focus on innovations and less concerned about theoretical foundations that might catalyze innovations or methodologies with which the efficacy of the innovations might be evaluated.
THE PATH FORWARD
Engineering education research has become an established field within the last decade, although its recognition and acceptance within the broader engineering community remains a challenge. It has established the critical physical infrastructure, e.g., centers, departments, journals, conferences, and funding, necessary for it to now devote increasing attention to its intellectual growth, e.g., conceptual and theoretical development, research methodologies, and progression. We foresee two major developments in the next decade: 1) major national or regional efforts to better integrate engineering education research into engineering programs,
such as ASEE's effort Creating a Culture for Scholarly and Systematic Innovation in Engineering Education and the European effort, European and Global Engineering Education
Network (EUGENE), and 2) increasing collaboration (and occasional tensions) among the growing global communities of engineering education researchers as the field continues to mature.
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